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(54)Title- GALLIUM NITRIDE SEMICONDUCTOR LIGHT EMITTING ELEMENT WITH ACTIVE LAYER HAVING 
MULTIPLEX QUANTUM WELL STRUCTURE AND SEMICONDUCTOR LASER LIGHT SOURCE DEVICE 




A gallium nitride semiconductor laser element which is provided with an active layer (6) made of a nitride semiconductor containing 
at least indium and gallium between an n-type clad layer (5) and a p-type clad layer (9). The active layer (6) is composed of two quantum 
well layers (14) and a barrier layer (15) put between the layers (14) and constitutes the oscillating section of the semiconductor laser element. 
The preferable thicknesses of the quantum well layers (14) and the barrier layer (15) are not longer than 10 nm. In this semiconductor laser 
element, electrons and holes can be uniformly distributed in the two quantum well layers (14) and, in addition, the injection of electrons and 
holes into the quantum well layers (14) can be effectively performed when the electrons and the holes injected into the layers (14) have 
already been dissipated by recombination. Consequently, the semiconductor laser element has an excellent laser oscillation characteristic. 
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i?#pi 1 4 s t>©-e&fttfigfgi»jkJi 7 £ utah^s - 

Xt. ftfc©A 1 M^-W-TSA 1 GaN37c8ft" , f , GaN*fll^Tt>J:t\> 

G.aN^ FH8*p-A 1 o.iGa 0 . 9 N^77 KH9fr£iE?Lj&<&AS 
ftg <«<5£^ 9 S. «^#pJI14©I nfflfifc**** 

^*&«*3&KF±JI 7 fciBJfcLtt < T *>M?#PJI 1 4 tt&fg 
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x y ^ > «k 9 ^ Hi U fc n - Ga N3^ ? Mf 3 ©Mi^n#JSS-l 

2£^f£UO^#. nMaH^HTf-SS i C. Si. GaAs^S 

H5li**i«©»2llll5»*l=««iNI*^-1f* : ?iK»lHlK**-r 

gfcJBMTCfc £ttfc*?#Ffltt*< 2 jit* «S4t# 1) * A£¥&f* U- 
«?£ffl^T^S 0 ^&ffi»HIj^ 1 7 1*. a;»©¥3MMBS*ffli*T 
Hj£ $ ft* *>©-Cfe 13 . »l*JS*»T?iNM* l^-if 1 6 ^©&Am«££3S 

&Ara©^f3Jii&&£3 0 OMHziLfco MIl^ifeBflre 

SfcftfcSfttf * tf^Tii. &AmasE©J:*^iiE& 

t^l GHz J£Lt© *>©*<*§ ^ftrfciK 3 0 0MHz©^&&T'Mai 

Tfflt^Si:. ¥*f*U~ !P©ftttJ;frrfH-#£f3$ftT^£©TU-1fft© 
3t-l/> hft£&T$-£5C£3&<T£. X?ffi^£© U— «©M 

X ^ ^ ^> ©x- ^ ©^a-tB L^ff 9 - <i: *<Rltl t « o fco 
ftfc. *H«6BSIt?{i. &Amflfc©IEiia^&&&3 0 OMH z t Ltz&, 

*) J: Z>®M*m$X% £ «k 9 ttE*HS*C*titf* g*JS&& 1GHz 
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(f3Ift)gl) 

#J8D p-A 1 o.iGao.aN^^-y KI9^iyf 
i^t^:ii:J;ot, £Pi$ftwfct>-£m^£aAbTfefttl};tj3&< 
^SSSft-c^Sglbfg&M©^**^-- «fttt-»TC^5o 

3J7®w*3 //m, p-Alo.iGa 0 . 9 N?7»; KS9©^»y^>^© 
^©^LEWd (HI1#M) £0. 2/tmtUo tt*>\ d*l£©Xh^ 

litt<. X h5>f^1Btfri7!»M5 /ttnu pffl*5y KH9©»URJ|[ 
£LTttO. 0 57!jM0. 5 /tnrc**ltf.fcl\» dOJ:? Cfl&SteftfcS 

fcU 8 OOMHztife^fco 

^-£«Sfc©&AT* fern 1 ? <b iE?LO^g«P * tiTfttfi* ifi&m $ tl5 

aa*fia©¥«fti/— yoffKfessc-c^^ jst^a*»"c*tfj*3&<« 

*K -CT«*ftA"r«fcae>©¥*(*i/-if©K»lsl»t?*So #HifeJE 
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•J v?j|?t^£BE£"f 7**gw<!:. p-A 1 ,.,Gao. 9 N?77 

KJf 9 £i * ^ yr-f<58S$ t*H»^5 £ t K «k X&mfcWSk&m 
#l/—*ftLt:i)K M^^G a A s U— if^-Cffl^fcftT^* «t 

m 7 te*mwv>m 4 «aBac*5a<bxf u * ^ *- 

K^fc^-f Brt5EI"e<& {KB 8 KB 7 *© B$£ft:*; Lfc»r®E!"C& So 
:OBCfc^T, 2 Hi cffi*MiUT W1" 5^7 r-fTSS. 2 2 

ttGaN^y7ris 2 3 ten -G a Nn 9 hfk 24(in-Al 0 . 

,Ga,. 9 N?7-yKI^ 2 5 ten -G a Kl. 26li2IOIn 0 . 

2Ga,. 8 Nt?#pi3 4 £ 11© I no.osG a 0 .» 5 NltMS3 5 

2 7teAlo.2Gao.sNil2SEr.ibJI. 2 8 

tep-GaNtf'T K!. 2 9tep-A 1 o.iGa 0 . 9 N^5 -y Kl. 30te 

p-GaN3>^^Mx 3 1tep{8IS&. 3 2 tenffim&T'fc^o 
^IgSfeMKfc^T. f7 7 -f7SSi2 l©Mteaffi. r®. mffi^ 

<DttL(Dm-%tfLX'&ixt>mt>m\ -9-77^x^^16^1*8 i c 
#ics i css©^i^«i^■7T'rTSficJ^:^T^u J f>•rc^^^^>. le 



17 



WO 9809827 



PCT/JP98/00828 



M2 2 IS*©±fcgtt# y ? tr •> + «g C £ 

*<m*<5fcO-C*niiGaNtcZfc*t)t>-rftfe©t*^ flJ^lfA 1 N^f>A 1 

a N 3 ^M^^-ffl cfc t:>o 

nl^77 KJI2 4RU : p^?5-y n-A 1 o.iGa 0 . 9 N 

M©A1M^A 1 GaN35cBS*\ *CGaN*ffl^TU^ B 

fi±*<ian5o y 7©BHUii»*<«fif*n«g«-cA i«dt*/jx 

nl^7»; h'H2 4£pS!*5y KB 2 9 £-C^II©*&f&#R— "Ctt < T 

KB 2 5 <t 2 8 1*> -fcO.x.^'Mr-** * ^fi*^#FMSfj£ 
gttl 2 6 ^i)St5i?#PlO^^-^+ »^<!:^ 7 y KB 2 4. 
2 9©x*^-4 i + y ^©IBI©g[*^fO«J:9tt**fiT?*tltfGaNCC 
&-Tflfe©Wfk #J*.tfI n G a N. A 1 G a Nt£© 3 tcMH^ I n G 
a A 1 NSE©47cM$*flH v Cfc.fcl\, ^fctf^f KS^#Ct>fe-»T K 

1412 6^©—^©^^^ y K-ytU-C4»J:<^ 3 KB£# 
*y > K-7tltt>J;l>o c©ii&> #4 KBK#£-f 5* + U7*<4> 
tt<tt»K a**-»'y7»cJ:5*©RiR*<fi*S*lT^ $t>J-7taj**<|Sl 
±-r«t^9WjSl*<*5o KB2 5> 2 8KH*. ni^77 K 

S&B2 6^ttAb J f>-r<-t-5t^9jpJ^*<*** t ^ KS2 5. 
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2 8 tt < T&LE D*Wtt*<** < IHfc-T * C <fc li/«£^©-e. # 
-f KJI2 5. 2 8l*£<T*>1lffc>tt^o 

£ga?#P j& feg&l 2 6 *«Wc t ;*>_ 21 ©J jijl, i G_a_ 0 ^ JMHL 
#p!3 4<i:ll©I no.o5Ga 0 . 95 N|i|Ma3 5tt> *6»<i:»*»ftC 

13 4© I ntfjfc*** < U fi< l/fcl^li«?#Pl3 4© I nffl 
^hS<t5, *fe* ; P#FJI3 4il»»13 5ttN InGaN35cS 

l\, $f.miI3 5Wi:GaN^ffll^fcJ:K 
ftC. H 7 t H 8 £#J& LTiaESft/f 'J * AJMMWWSft^ K 

©f^ss^a^ra-rso £iT©ra"eiiMocvD^ (£&&R£Msfi&£ 

SttT**ltf«t<. MBES OfflSi ^HDVP 
E(/N-f KMffiBfe^?*)^©flfe©a ; ie^^ ; &ffl''^-<i:t>"^^S„ 

g«2 1±K. TMG <hNH 3 *S»Cffl^T^ BfeSM5 5 0tT'Ga 
N/<97tI22*3 5 nmfifcfi 

KK)£gfig£10 5 0^£-e±#£-£T. TMGiNHs „ RtfS i 
H 4 SrHftKffi^T. i¥$3#m©S i F-^n-GaNa^^ M2 
3£j£g-fSo S&CttttTTMAfcKttlctO*.* J&g&Kti 1 0 5 
O**-CJM0. 3 #m©S i K-^n-A 1 0 .iGa 0 . 9 N^7 v Kff 2 
4*Jfc*«. t*#T* TMA*K8fr&MH^T> ftft&ftli 1 0 5 0t: 
©£$T?S$0. 05/tmOS i K-^n-GaN^ KS2 5£j&g"f 

So 

fcfc. JfcMK*7 5 0T!lwT«\ TMGiNHa . RtfTM I 
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Klfflt,>T\ Ino.2Ga 0 . 8 NiT#Pl (JP$3nm) 3 4^ I n 0 .o 5 G 
ao.ssN^MS (H$5nm) 3 5> I n,. 2 Ga 0 .»Ni?#pI (J?£ 
3 nm) 3 4^m^&^^ tK^^mm^^J^MBM.l.h--^- 
^m^llnm) 2 6£fttrs 0 $ £K^#TTMG iTMA iNH 
s *B**Cffl^T* !&£&&tt7 5 0t:©££TJ¥$l Onm©A 1 0 . 2 
Ga 0 . 8 Nm^KF±S2 7£fi»r5o 

UTOSSK^l 0 5 O'CULbJ^LT. TMGtNHs . &tfC 
p 2 Mg*Jl^{Cffll>T. H$0.0 5/zm©Mg F-^p-GaN^ K 

O c C©**Tff$0. 3/im©Mg K-^P-A l 0 .iGa M N^5» K 
JI2 9£Jlfc£-r5o TMA*ia^&B!l^ JjfcSaKI* 1 0 5 

O'COStTJiSO. 2/tra0Mg K-^p-GaN3>^^ 

*©gU C©^i^-^8 0 0 < C©^^^fflm*TT-->'l/LT. 
Mg K-^©pMl*i£ifttn:^-5o 

L E Df?ftS!©fcl6i:gr£og«i:, p - G a N 3 >^ ^ h®3 0©^ 

Ifc^T* p-GaNny^^ hJI 3 0 ©^ffiK- » ^r/Pi&fr &ttS p 
mmmS l£JBfifcU ^y^y^fcck^aiUfcn-GaNny?? h» 
2 3©SffiCf^^t7^;-'5FA^&ttSnOTi3 2£Bf£LT. ^ 

7fAi:7-?>hu ^-f-y-iKvx-f >^»cj:o*mttty- raft 
bis a*t# y * a******^ *- YH&ttJSfrz. 
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4 3 0 n m • fttfi* 6 mWt ^ o h>tltz 0 £ fcEl 9 

fiftflj-f -5 C 1 1*£ < . ft*© LED K&^Xft&W&mZ ftfco 

p®3 4<hl^gl3 5©JlJ?£*ft^ft3nmRtf5nmiL;fc;K d*i 

^pjf 3 4«hl^M3 5©&jD¥£l 0 nm£lT£-r*itf, *HJfg^ 

* tz^ummmx^ £M?#Pfll£Stt/l 2 6 JCg-T £ «k -5 K A 1 
0.2G ao.gNI^ Rf ±JB 2 7 L T ^ £ - ftttS? #p M 3 4 # 

Zt&VZ^ f&CD A l*ftli*Wr5Al GaNSTcMH^GaNSrJB^T 
fc«fcl\, tfc. C©mH»jha2 7{cMg^r K-t°y^LTfeJ:<. C© 
i^lip-GaN^ KI28 J f > p-Al 0 .iGao.9N^7-y KS2 9^ 
t»iE7L^A$ng<^5<!:l^^J^*'5o S^Kx *^#P«3 4© 
I n $ I ^M&&m&V3±m 2 7 U/j: < T fcfi^p Jl 3 4 

l«MBUttl*fci*K #lcm^K±M2 7^^L«<Tfe. #HJfeJ&&© 

El 1 0 l**ISBJ3©m 5 HJfeB8§K&Sgfl:# U l/— !f *^ 

*^-r»r®EI"C«>Dx mi lttEll O*©C^£ffi;*;Lfc»riS0-e<&£o 
COfift^U AfciMHtU— £S«?#P*t&?£ttJI4 6© 



21 



WO 98/39827 



PCT/JP98/00828 



i mmmmxtm Lizn* (om^^^^^^A^^^^^ 

*^«6BB-C #P m&m&M 46lix41©Ino. 2 Gao.8 

Nl?#pI5 4£3/l© I n , . 05 G a o . 95 NHiI 5 5 i^Ii:!! 

^M? #P Sl&fiftJI 4 6 ^filfife-T 5 4 10lno.2Ga,. 8 Nft? # 
pJI5 4£3JI© I n 8 .o 5 Gao.9 5 N|^M55li. ^Stt !f«fi» 

#pS5 4©I nffiBJc^#< U M< Ufc^*§&ii* : ?#PJI5 4©I 
n*afiJc^/jN$<-r5o £fca^#pJI5 4,i:|gM5 5tex InGaN3 
TcMUnmiKflk©?^ ^tfAl. £#/0*f45t;£Lh©Mli¥3i#-e 
fei^o $£CI£SJI5 5fcU|U::GaN£ffl^Tt><U\> M 1 ?* 
pJ15 4©«&l*2/I£fcli3Ji^&mfc>*a\, ^^UltMSS 5©1J? 
14. ivfft©**** • i^Pil&Kfc^T *> 4 nmfiTFKttJEU 
pMTM^lE7L©&ffrIIi£fc©m£ 9 J: 9 K UTfc < „ 

£ffil*fcS&*^LT^5j&^ G aN£xlf**-> + ;l/|ifcg-C#5Jifcfiifc 
T&fttfJ: < > MB E& (^Hif^ + ^ + ^fiStS^) ^HDVPE (/x 

* I^SOJifc&FrtC&ttSnfc. c ffi^ffii LTWT SIT? r*<T 
SSl±l-> MJ/^/l/#U*A (TMG) i7>t-7 (NH S ) 
*4Kfflt,vt\ J&A&&5 5 0 < CtGaNA'y7rI2 J &3 5 nmj&S$-£ 
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^IC^aS^l 0 5 0 < C^T'±#$i*rT. TMGtNH 3 > Rtfv/^ 

y#X (S i H 4 ) £H*4Kffl^T. ^/nn©S_i_K^n .- G^a N 

^JftmYztfLMi-fZo £ £Ki^tfT h U ^ ^;l/7;l^-^ A (TM 
A) ^MM^jtax.. 0 5 0t©i£:£-eSS0. 7/zm©Si 

K-^n-A 1 01 Ga,.9N^7-y KH4£l&g-r£o ^ttTsTMA£ 
lSftfr£l&^Tj&g&Kttl 0 5 OVoZfemtsQ. 0 5/*m©S i 
K-T/n-GaNff-f KS5£i&g-r*o 

Jfcg&K£7 5 (mcW. TMGtNHa, SiZfhV^^J^ 
VS^A (TMI) Zmftizmi^X, I no^Gao.BNi^pi OSS 
3nm) 5 4<h I no.osGao.DsNI^M (l^2nm) 5 5©3£§jfcg 
£3IhI«£U g&KI n,. 2 Gao.8Ni?#pi (if$3nm) 5 4 

18nm) 4 6^fife-T5o $ ZKmVpTMG <hTMA £NH 3 £ljim 
Kffi^T. jfcg&glS7 5 O^^-CWS 1 OnmOA 1 0 . 2 Ga t . 8 N 

j*K> IIO f fi£MJK^10 5 0 < t:n±#b'C> TMGtNHs, &0^> 
^n^V^^^^^A (Cp 2 Mg) ^H&rcffi^T. BZO. 
0 5//m0Mg K--/p-GaN#>f KJI8£f£S"r£o $ bCltfTT 
MA^II&KJnx.. l&g&Ktel 0 5 OVOtfemZO. 7//m©Mg 
Mp-Alo.iGai.iN^77 KS9£j&g-T£o TMA£ 
fig*4fr£l&^T. 0 5 OVO&tT'&ZO. 2jtzmOMg K 
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2 0 0 #mli©X h^j^^-^a^jJJ/j?^ 

p-GaN3>^ Ml 0©**iEfc% 5 j»m«©X h5>f ^ttC'J y 
-3 Kp-G a Nav** hll 0 • p-A 1 j.iGa, 

ttt^T* U y^Oflliity ?S?JEWt©pM£ffifcJS32 0 0nm©S 
i 02«»R1 3*J^JiJt«o -OS i OilftgRl 3 tp-GaNa>^ 
* hJIl 0©OT»w-? 5 p«*81 l*JBfifcU ^*yf- 

>^jr«J:0SHiLfcn-GaN3>^^ hJI3©^®Kx* ><hT;l/$- 

&±©J;9KLTftg!!$ftfcWfeLD^{*, 3BlB8fi4 3 0nnu % 
£MMtt4 0mA I/— tf4$rtt*U»&*U 300MHz£LhlGH 

zgK*T©KJs««*©ftAK*»)*aj*fc*a*n5ci*<iiBsn 
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nMtf&i, j^o, 3 0 0MHz£l±lGHzgS^-eo^^llM©a 
AT fe^tb^J^+^ra £ ft5 C t tf-zimte t> ©l*> i?#Pll[*< 2 fit 

15 4 <h|gM5 5©!S£-e*i<e*l3 nmt2ninil/fc^ C*i&© 
Iff S^#Pl 5 4 ©Iff £ 1 0 n m£lT<h LlggJI 5 5 ©Iff* 4 

»^#pSU:^21x 3^ 4S"C&5^»* , J^A^^l/- 
Iff^Kfc^T. |ggJi©aff£^fc£#fc££©#d3;fc©^P*^tltt 
aA«aE©S^PlS^U[©^b*^-r ^7 7 $ tlX ^ So d © i: 
#©¥3M*l/-1f©flHtl;U ^M©Bff*W£S- £&ft(i#3l^££ 

S©lff*4nm^T<i:-rtil^ 3 0 OMH zJ^Lhl GH ziStTCil 

j3fcm^©&AT-t>M2i*H-$mfa$*i£ ci t#Rit&-e&s c 

If. 1 GH z gK©SS«**©ttAr t>*tti*3&<+»SE»*tl5 d £j&< 
(*6$%ft?flB) 

ei 1 4 ii*&93©ft 6**^ttK««**#^— if*? trnwi®®** 
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% 5 m$mmx% n^»^#p®^^ 4 mx$> zmw u * 

t>©£B«©mjfc© *>©-?* »K K^Ji»»[-C*»#l/— 9*6 6^©ttA 

♦suBBa-ci** ttA««©*aaa«[* 3 o omh z t msnas 
wrnxn^Mzmtuv * A»amw*i/— if*?-e«^ aA*aE<D«*SE 

HSttttli 1 G H z £(±© *>©*<*§ S>*iTfc Ox 3 0 0MHz ©attttT 

tt*5 % *H»ffiTlix &Am©^aJi&ff[^3 OOMHzt 
!f*©3h-l/> Ht*fiTa?-ti:Tx x^ffi^t»©b-if7fe©M 
9fclcj:*aW<HSBT**J:9^a*aT*ntf 3 0 OMHzJS* 

±** ighz* T©flb©*»jaim-ca^tt**(* i^-if *k»ut t> 

a 1 5 tt*56W©» 7 ?UH&ttK:ftS¥*{t l'— * *?i:J£*»K»l3 
K**-r@»H"e*So H15*C*3ft«*NM*i'-"ir* : P6 8li* * 
3B9J©a 5 HJS^JS-ca £*ifc*F#FHttrt< 4 IT* U £ 

-r s c £ ic £ o t . $a $ tix i ^ i ^~^mm^ a l t t> * ma *<aai 
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7«B£3 /tm, p-Al 0 .iGa,. 9 N^7y KI9®i» ^^©^©gl 
LTI*1~5/*iik pl^y Kg©Ji»yf->r©K©^blSJ?ibT« 

o. o5~o. 5 u m'zktui&i^o co&oKLTrfmztitz&mmm 

0 OMHzTfcofco 

Rh4eTF£U ltSl©S© ; &4nmJaTlw|ft^b^c:<i:{r«kl9x 
#Pi ft 5 *F £iE JL © tBK*<SMB $ *i ^-f < £ ^ T S 0 ft o 

*£SJ"f < . MaFti-Cl^o^— CTSEOttA-Cfcfll^t JE5L 

©*fi*naaisn"c*ttj*3&<«»$n* si&f£iS3!©¥#tt if ©#S¥ 

*)> — j£«ft*aA*5fcfc©¥*fl^-1f©Klb0KT?*S. :fc3gHJi£ 

*fa^ ®%m t bxm ^-st, u — tf ©*uj* * 

x £© u— »f *©H *) #1:: J: c t *<-c* fc 0 *© 
5?«ifi*»jac-rSB©Xh5>f^ , B(i:^ P-A 1 0 -iG a t . 9 N*5 * KS 

9 *x ? ?■ > ^-r 5 m s t £H9!rf 5 z. t \z «t o t s ia^SM©¥#(* u 
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-If t mno G a A s b —MPCR t ^tlT £ «fc 9 fc. 

y — tf £ ux kjtj?ttt\> 

ei 1 6 \±*m\ ©m 8 njfHBtt « £ 3*b# u * as^si***^ * 

- K&^£*"f BiSST* *K Ell 71*01 6* ©D8B£S2;;*:bfc»r®EI 

*H«S^TIi. ^M^P^SttH 7 6 fcU 31©In 0 .2Ga, 
.sN«?#pH8 4£2JI© I n M iGai.HNRII8 5i^Si:i 

£**?#F*lfcfittl 7 6 3S© I no.»Ga..iNi? 

#Pl84<h21©I no.o 5 Gao.9 5 N|^MS8 5lix &Sttf8ft»*fc 
J6fcT*©*&ft*Rjrf*itfJ:<> »*»fi*fi< L^l^(i*?#p 
18 4© I nfififc***< U JB< btel^tt* i f#Pl84©I nffl 
UE*/hS<-r«o tfzA=¥-#Wm8 4tmmm8 5l-&. InGaN35ciS 
Blw**Cflfe©5G5IU «*.tfAK £^;K4xJBLh©iIB*Mlf*"Ct>J: 

■S&lw»M8 5li#£GaN%B<r*T&J:l\> 
©Jia(±2fi*fctt4JlTt>*fc<i:v\, fcrtfb»M8 5©SI?t*. ^"T 
*i©tm • fi^pJl&lcfc^T Un mJSlTfciS:^ U fi?#pSF^T- 
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£lllcg&"Cfc*xtf«k<> MBE£ + *JSfcftfc) "f>HD 

VPE (/W K§ttSg£g?£) f©fi!©»SS^l^-it>t 

S«2 1±iw. TMGtNH 3 ^HftCffl^T. j££&£5 5 OtJ-CG a 
NA'. / ,7ri22*35nm^$t5 0 

0 5 0t:^T±#$^T. TMGiNHs. S i 
H 4 *«fiirffl^Tx I§3/imfflS i K-^n-GaN3^^ hjf 2 

$£K&#TTMA£M&K;!jn;^ JjSgSKli 1 0 5 O^C 
©££TJ1£$0. 3#m©S i K-7n-A 1 D .,Ga 0 ..N^7y KI2 

©££T1?$0. 0 5/*m©S i K-^n-GaN^ KJi 2 5 *Bfcftf 

So 

ICflj^T* Ini.tGai.iNI?#pl (I$3nm) 8 4£In 0 .osG 
a«.»sNMtSJI (H$4nm) 8 5®£Sli!tJfc*2IIIi**>SU I 
n,. 2 Ga 0 . 8 Ni?#pI (f§3nra) 8 4 * 1 Z 
*9£M?#F«atiSttJI (h-^/KZHMl 7nm) 7 6*f*TSo 
$^i:iltTTMGiTMAi:NH 3 *Rl»ICffl^Tx iSfiaittt7 5 0 
•C©t*-eJ?$ lOnmOA 1 0.2G a a .«N£%Rjhl2 7£jjfcS"r5o 
fftfJifcga&£l 0 5 0V\Z±&LX. TMG<hNH 3 . &tfC 
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